Failure in wood structure is mainly caused by improper connection design, construction (fabrication) details, or serviceability. Besides using traditional bolting methods such as nails, screws and bolts to join members, timber members also can be connected by using bonded-in joints. However, current knowledge in the use of this type of timber connection is still limited. This study investigated the performance of bonded-in pultruded rods in timber as connections by exploring the effect of a few parameters such as rod type, diameter of the rod, adhesive type and thickness of the glueline. Pull-out tests were used to characterize the strength of the bonded-in connections. From the results of this study, it was found that strength increased as glueline thickness increased, while strength decreased as the diameter of the rod increased.
Bonded-in rods are used to connect timber members, and they have been shown to be more effective than using traditional bolting methods such as nails and screws (Joseph 1999) . This type of connection has been used in timber construction for over 30 years in Europe and North America for joining and anchoring glulam members, for rock anchors, for holding down bolts in concrete (Lee et al. 1981) , and as rods to secure wooden turbine blades (Riberholt & Spoer 1983) . Bonded-in rods are also used in timber building repairs, and to strengthen the timber (Mettem & Davis 1996) . The connection is made by using high strength resins to produce a concealed timber connection. Bonded-in joints using rods are known to offer improvements by reducing weight and end-splitting, eliminating very stiff connections when loaded in an axial direction, providing greater fire resistance, and also producing a neater appearance. A good compilation of existing knowledge, including lists of basic literature, can be found in the Proceedings, PRO 22 of the 2001 RILEM Symposium on "Joints in Timber Structures", and in the Proceedings of the CIB 32, 33 and 34. Steel rods bonded into timber elements are very efficient in introducing high forces into the timber structural members as well as in strengthening timber which is perpendicular to the grain. Bonded-in steel rods in wooden members have been investigated by numerous researchers. Most of these studies used softwood. However, there is no published work on bonded-in rods in Malaysian tropical timber. Hence, there is a need to investigate the performance of bonded-in connections using Malaysian tropical timber. Molina et al. (2009) conducted static and cyclic tests to determine the fatigue of steel rods connections, using two species of reforested wood, three types of commercial adhesives and at three levels of wood moisture content. The studies revealed that fatigue failure may occur in any of the materials used for the connection, i.e. steel rod, adhesive or timber species. Other than that, the fatigue behavior exhibited a visible impact, damaging mainly the steel rods and representing a potential fatigue risk for bonded-in rods used to form the connection in log-concrete composite bridge decks (Molina et al. 2009 ). The effect of spacing between the steel rods and the distance to the timber edge were tested parallel and perpendicular to the grain by Blass and Laskewitz (1999) , and it was concluded that the pull-out strength of rods with the same diameter and anchoring length set perpendicular to the grain was 20%-50% higher than for rods bonded in parallel to the grain. According to Widmann et al. (2006) , the pullout strength is influenced by the wood density. There are also a few studies comparing the performance of threaded rods and smooth rods on the mechanical bond between the bolt and the resin. Johansson (1995) claimed that there is an advantage of threaded bolts over smooth steel rods because the latter are not effective as it is difficult to achieve sufficient adhesion between a smooth surface and the resin. Other than that, Hamad (1995) and Harvey (2003) investigated the optimization of the rib geometry of steel reinforcing bars to enable the use of shorter bonded-in lengths for a given load. Beside using steel as a general material in bonded-in joints, fibre-reinforced plastic can be used to improve resistance to corrosion which is useful in a humid or acid environment, to lower the weight of the connection, to provide easier and faster handling and installation, as well as to be more compatible with the resin and timber due to more compatible material properties. Harvey and Ansell (2000) investigated the effect of moisture content, wood type, surface preparation, type of adhesive, and glueline thickness when using glass fibre-reinforced plastic (GFRP). Figure 1 shows the possible failure modes observed by Harvey and Ansell (2000) . Number 1 is failure in the rod/adhesive interface, number 2 indicates failure in the adhesive/timber interface, number 3 shows failure in the timber close to the adhesive/ timber interface, number 4 illustrates failure in the timber away from the adhesive/timber interface, while number 5 is failure in the timber also along the block.
Even with these parameters studied, the results are still considered insufficient to establish standards for the use of GFRP. Although there are standards such as Eurocode 5 which provides recommendations for bonded-in connections, the information is very limited as it does not consider the thickness of gluelines.
Several design approaches and code models have been published. By comparing these models and approaches, some discrepancy and even partial contradictions between the models, especially regarding the treatment of isolated parameters, can be found. With this background, a small test programme was initiated to study the influence of a selection of these parameters, known or supposed to determine the pull-out strength of single, axially loaded pultruded glass fibre-reinforced plastic (GFRP) rods bonded with two types of commercial epoxy-based adhesives in timber from Kempas wood species. The tests were focussed on determining the influence of rod diameter, ϕ rod , (or the corresponding drill-hole, ϕ hole ) and glueline thickness, h, on the pull-out strength of the glued-in rods.
Important objectives of the test programme were that it should be based on practical situations and dimensions, and that it should enable a comparison to be made with similar test series. These objectives could only be achieved by permitting certain compromises regarding the test layout. For example, although in practice the use of one single rod will not or hardly ever be the normal case, all tests described here were carried out on connections with a single rod. This is because the examination of such a connection provided a good basis to study the influence of isolated parameters. Moreover, it was possible to quantify the influence of the parameters selected for the present study on the pull-out strength of the axially loaded rods, and to propose an adequate design model.
MATERIALS AND TEST METHODS

Materials
The selected timber used in this study was from a medium hardwood species, namely, Kempas (Koompassia malaccensis), from strength group 2 with a density of 900 kg/m 3 . This species was chosen because it is commonly used for roof trusses, and is easily available.
Glass fibre-reinforced plastic (GFRP) rods with diameters 8 and 12 mm were used with a modulus of elasticity of 150 000 N/mm 2 . GFRP rods were sandpapered using coarse sand paper, and degreased with ethanol to aid bonding with the adhesive.
The adhesives used in this study were Sikadur®-30 and Morstrong. Sikadur®-30 was supplied by Sika Sdn. Bhd, Malaysia. It is a gap-filling, thixotropic and structural two-part adhesive, based on a combination of epoxy resins and a special filler, designed for use at normal temperatures between +8°C and +35°C. Morstrong, which is also a gap-filling adhesive was supplied by Morstrong Industries Sdn. Bhd.
Specimen Preparation and Test Methods
Timber specimens for the pull-out tests were prepared using timber blocks of size 100 mm × 100 mm × 60 mm by ensuring that the grain was parallel. A hole was drilled parallel to the grain with the diameter of the drilled hole being larger than the rod diameter to allow for the required glueline thickness. The specimens were left in a temperature controlled room at 28°C to avoid shrinkage prior to inserting the adhesives and rods. A gun was used for injecting the adhesive into the hole. The rod was slowly pushed in and gently rotated to squeeze out the excess adhesive without causing any air voids. An O-ring was inserted into the hole to centre the position of the rod. All the specimens were left for 10 days at room temperature for curing. Ten replicates were prepared for each treatment.
A 250-kN capacity universal testing machine (UTM) was used to conduct the pull-out tests. Axial loads were applied with a crosshead of 2 mm/min. To support and align the specimen in the pull-out test, a special jig made from stainless steel as shown in Figure 2 (b) was used for the specimen to be gripped by the machine as shown in Figure 2 .
Observations were made on the failure modes of the specimens to better understand the behavior of the bonded-in timber. Average shear strength, τ, at the adhesive, timber and rod interfaces was calculated by dividing the failure load by the bond area as shown in Figure 3 , using Equations 1 and 2. Adhesive-timber interface:
Rod-adhesive interface:
where, ϕ hole and ϕ rod are the diameters of the drilled hole and rod, respectively, and L is the rod embedment length which was 50 mm in all cases. Due to the different diameters, the bond area at the adhesive/timber interface was bigger than the bond area at the adhesive/rod interface which resulted in different strength values.
RESULTS AND DISCUSSION
Influence of Adhesive Type on the Pull-out Strength
When constructing the bonded-in connection, the strength of the joint will depend in the type of adhesive used. Table 1 shows a summary of the pull-out strength for all the parameters studied. It can be seen that the bonded-in joints were affected by the various parameters, and that the influence was clearly visible with the 8-mm rods but not as markedly as when using 12-mm rods.
For the bonded-in joints using Sikadur with 8-mm rods, the pull-out strength increased as the glueline thickness increased. However, there was no significant difference in the pull-out strength when using Morstrong adhesive with 8-mm rods for the bonded-in joints. Comparing both the adhesives, the pull-out strength of the bonded-in joints using Sikadur was 26% higher than when using Monstrong adhesive. With Sikadur adhesive, 50% of the specimens failed at the rod/adhesive/timber interface, while Morstrong adhesive tended to fail at the rod/ adhesive interface (see Figure 3) .
The FE-modelling performed by Serrano and Gustafsson (1999) on bonded-in rods using ductile and brittle adhesives showed that the shear strength increased with the use of ductile adhesives with high fracture energy. Therefore, in this case, the increase in shear strength of the bonded-in rods using Sikadur as compared with Monstrong may be due to the higher fracture energy of Sikadur as this adhesive is epoxy-based with the addition of a special filler to improve toughness. An improvement in adhesive bond strength has been reported by many researchers using CTBN liquid rubber as a modifier (Bascom & Cottington 1976; Hunston et al. 1984; Huang & Kinloch 1993) . Achary et al. (1991) reported a three-fold increase in lap shear strength using carboxyl terminated poly (propylene glycol) adipate as liquid rubber. Ratna and Banthia (2000) reported a two-fold increase in lap shear strength using carboxyl-terminated poly (2-ethylhexyl acrylate) (CTPEHA) as liquid rubber.
Influence of Glueline Thickness and Rod Diameter
As the tests follow a certain range of geometrical proportions in terms of rod diameter ϕ and glueline thickness h, the nominal shear strength fv is calculated assuming a constant distribution of the shear stresses over the bonded area. Besides analysing the test results with regard to the relationship between ϕ and h, the influences of the single parameters and ϕ were studied to get an idea of their power of their influence. Regarding the influence of the glueline thickness on the pull-out strength of the rods, the relationship can be approached based on h 0.05 suggesting a relationship existed between pull-out strength and thickness of the glueline. When combining the effect of the various glueline thicknesses and diameters of the rod, the nominal shear strength of bondedin rod can be estimated based on the following equation:
Validation of Equation 3 is not shown here. Figure 2 shows the fitting of the model to the relationship between the pull out strength and glueline thickness at various diameters of the rod.
As the gluelines thickness increased, the failure modes changed to the rod/adhesive/ timber interface from the rod/adhesive or adhesive/timber interface. In some cases, 10% of the timber blocks cracked and were completely split. As the shear stress decreased, the failure was mainly in the rod/adhesive interface. The effect of rod diameter on average peak interfacial shear stress was reflected by a decrease in shear strength of the adhesive/ timber interface as rod diameter increased. The failure mode for the 8-mm rod diameter was close to the adhesive/timber interface while for the 12-mm rod diameter failure was in the rod/ adhesive interface.
CONClUSION
Pull-out tests were conducted on Kempas species with 8-mm and 12-mm diameter steel rods bonded with two types of adhesives, which were Sikadur and Morstrong. The investigation examined the influence of rod diameter and glueline thickness on the pull-out strength. The results from the experiment reveal that:
y As glueline thickness increased, the pull-out strength also increased, on condition that there was a good bond between the rod and the adhesive.
y As rod diameter increased, the shear strength of the adhesive /timber interface decreased. y Pull-out strength using Sikadur was 26% higher than when using Morstrong adhesive, and tended to fail at the rod/ adhesive/timber interface.
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